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In the preceding paper (1) the mode of transmission of pseudorabies 
among swine was discussed and experimental evidence was presented 
that this species might serve as a source of infection for cattle.  The 
possibility seemed reasonable enough from the laboratory  findings. 
However, apart from the two examples mentioned in the preceding 
paper, there was no evidence to indicate that pseudorabies existed in 
our middle western swine population.  The mild and indefinite nature 
of the disease in hogs has suggested the possibility that it might  be 
prevalent but unrecognized in swine in the United States. 
L  Attempts to Determine  the Prevalence of Pseudorabies  among Middle 
Western Swine 
It is known from earlier work (2-5) that the blood serum of swine 
recovered from an attack of pseudorabies is specifically virus-neutraliz- 
ing.  The blood serum of normal swine or of swine immune to other 
diseases has been found by the writer to be incapable of neutralizing 
pseudorabies virus.  It seemed certain, therefore, that the presence of 
pseudorabies virus-neutralizing antibodies in the blood serum of swine 
could be taken as a criterion of an earlier infection of the animals with 
pseudorabies.  It has been utilized in the present studies to deter- 
mine the prevalence of pseudorabies among middle western swine. 
Preliminary  experiments  were conducted  to determine  the approximatevirus-neu- 
tralizing activity of sera from swine recovered from experimental pseudorabies. 
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The neutralization tests were run in the usual fashion.  The Hungarian (Aujeszky) 
strain of pseudorabies virus was used in all tests in preference to the Iowa strain 
(mad itch), because of its slightly greater and more constant virulence for guinea 
pigs.  Each neutralization mixture was set up to contain 100 nag. of rabbit brain 
virus (1  cc. of a  10 per cent suspension of the brain of a  rabbit dead following 
intracerebral infection).  This amount of virus represented between 100 and 1000 
minimal fatal doses for guinea pigs subcutaneously.  The mixtures of serum and 
virus were stored in the refrigerator (+4°C.) overnight (17 hours) prior to injec- 
tion  subcutaneously  into  guinea  pigs.  Control  mixtures  contained  the  same 
amount  of virus mixed with normal swine  serum.  In this  and all subsequent 
neutralization experiments to be recorded, virus that had beeu stored in 50 per 
cent glycerol in the refrigerator for at least a week was used in preference to fresh 
unglycerolated virus. 
The  virus-neutralizing  activity of 8  convalescent  swine  sera  is  re- 
corded  in  Table I. 
As shown by Table I, the virus-neutralizing titer of the sera of 6 of the 
swine was such that 0.05 cc. completely neutralized  100 rag. of pseudo- 
rabies virus, while 0.01  cc.  failed to  do so.  The serum of one animal 
was active in an amount smaller than 0.01  cc., while 0.1 cc. of the serum 
of another neutralized virus although 0.05 cc. failed to do so.  These 
figures will  be utilized  later  in  trying  to  determine  the  incidence  of 
infection among groups of swine from which only pooled serum samples 
were available for testing. 
The Presence of Pseudorabies Virus-Neutralizing Antibodies in Com- 
mercial Anti-Hog Cholera Serum 
It was impractical to obtain individual  blood serum samples from 
large  numbers  of  swine  in  scattered  mid-western  communities  for 
testing.  Fortunately, however, for the purpose of these experiments, 
pooled serum samples from relatively large numbers of hogs were easily 
available in the form of commercial anti-hog cholera serum. 
Briefly stated, anti-hog cholera serum is obtained from swine that have been 
hyperimmunized against hog cholera.  It is collected in batches composed of 300 
liters or less.  These batches frequently contain all of the serum collected from 
approximately 50 hogs.  All of the serum derived from these hogs is mixed in a 
single container and identified by number as a batch.  In other cases these batches 
contain some serum derived from as many as 175 hogs.  The blood of these hogs 
in such circumstances forms a part of 3 or 4 different batches, as previously de- 
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hog cholera serum, including the number of swine whose serum is represented 
therein, are maintained by the producer and the Bureau of Animal Industry of 
the United States Department of Agriculture.  t 
The availability  of the above rather exact information  as to composition made it 
appear profitable to study a  number of samples of commercial anti-hog cholera 
sera  to  determine  whether  any  contained virus-neutralizing antibodies effec- 
tive against pseudorabies virus.  From consideration of the experiments recorded 
in  Table  I,  it was felt that the neutralization test as employed was sensitive 
enough to detect a virus-neutralizing  serum even though it had been diluted 1 to 
20 with non-virus-neutralizing  sera.  An incidence of infection lower than 5 per 
cent might not be detected by the neutralization technique employed. 
TABLE  I 
Tke  Titer of Virus-Neutralizing Antibodies  in the Blood Serum of Swine Recovered 
from  Pseudorabies 
Serum 
from 
swine 
No. 
1330 
1334 
1347 
1457 
1469 
1482 
1493 
1495 
Mode of infection of swine 
Exposure to infected swine 
Virus intranasally 
Virus fed 
Virus intramuscularly 
tt  tt 
Exposure to infected swine 
Virus subcutaneously 
Exposure to infected swine 
Amount of swine serum mixed with 100 rag. of 
pseudorabies virus and administered 
subcutaneously to guinea pigs 
I  0.1 cc. 
No illness 
No illness 
ct  ct 
ct  ct 
ct  t¢ 
0.0S ec. 
Result 
No illness 
tt  ~ 
c#  cc 
Died--63 hrs. 
0.01 ce. 
Result 
Died-- 76 hrs. 
"  82  " 
"  163  " 
"  104  " 
"  66  " 
"  87  " 
No illness 
Died--63 hrs. 
The control guinea pigs receiving 100 rag. of virus mixed with normal swine 
serum all succumbed typically of pseudorabies and are not recorded ha this table. 
The neutralization tests were run in the way already outlined for the experi- 
ments recorded in Table I.  Each sample of anti-hog cholera serum was tested in 
two amounts as a rule; 1 ce. and 0.1 cc.  Since the anti-hog cholera sera all con- 
tained 0.5 per cent phenol added as a preservative, a  similar amount of phenol 
was added to the normal swine sera controlling the present experiments.  All the 
samples of anti-hog cholera serum used were produced from middle western swine 
by middle western concerns, manufacturing veterinary biological materials.  The 
11 am indebted to Dr. D. I. Skidmore, Chief of the  Division of Virus-Serum 
Control of the United States Bureau of Animal Industry fo~ information concern- 
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samples were purchased on the open market by thirteen veterinary practitioners 
in eastern Iowa.  ~  The brands and serial numbers of sera tested are not recorded 
and  the  samples  are  designated  only numerically.  No  duplicate  samples  are 
included in the experimental record which is given in Table II.  All of the experi- 
ments outlined in this table were not conducted at the same time.  Controls were, 
however, included with  each  group of experiments  as  they were  done and  are 
recorded compositely in the table. 
The results obtained with the commercial anti-hog cholera serum 
were surprising.  Of the 23 samples tested, only 2 (samples 9 and  17) 
failed to neutralize pseudorabies virus in the largest dosage employed. 
This is interpreted as meaning that the swine furnishing these 2 sera 
had either been entirely free of pseudorabies or that the incidence of 
the disease in this group had been less than 5 per cent.  Of the remain- 
ing 21 samples, 9 neutralized virus in  I  cc. amounts but not in 0.1 
amounts.  This is interpreted as indicating an incidence of previous 
pseudorabies infection of 5 per cent or greater among the group of swine 
furnishing these sera.  The remaining 12 serum samples neutralized 
pseudorabies virus in both 1.0 and 0.I cc. amounts, indicating an inci- 
dence of previous pseudorabies infection of upwards of 50 per cent in 
the group of swine furnishing the sera.  While it was realized that 
these data, at best, were only approximate, they indicated that porcine 
pseudorabies was indeed a prevalent disease. 
It was difficult to believe that the figures obtained actually repre- 
sented the incidence of pseudorabies infection among middle western 
swine used in the preparation of anti-hog cholera serum.  The indi- 
cation that a disease could be so prevalent and not be recognized was 
startling.  The writer's  first reaction was that  the results obtained 
must have some other explanation.  Several alternative explanations 
suggested themsdves.  These were investigated. 
Absence of an Immunological  Relationship  between the Viruses of Pseudo- 
rabies and Hog Cholera 
Although the likelihood of an immunological relationship between 
the viruses of pseudorabies and hog cholera seemed remote, the almost 
constant neutralization of the former virus by sera prepared commer- 
2 Drs. Banks, Bryant, Carey, Crow, Dunn, Glenn, Hawthorne, Lames, Moran- 
ville,  Potter,  Strader,  Vollstedt,  and  Wilson  kindly  furnished  me  with  these 
samples from sera that they were using in their swine practice. TABLE  1I 
The Neutralization of Pseudorabies  Virus by  Commercial  Anti-Hog Cholera Sera 
Antl-hog  cholera  serum 
sample 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
No.  of swine  represented 
in sample 
50 
146 
152 
151 
150 
148 
48 
158 
110 
170 
103 
100 
129 
169 
106 
165 
? 
? 
85 
152 
103 
126 
? 
Amount of serum mixed with 100 rag. of 
pseudorabies virus and administered 
subcutaneously to guinea pigs 
1 cc.  0.! cc. 
Result  Result 
No illness 
~c  c~ 
~  cc 
Died--95 hrs. 
No illness 
Died---69 hrs. 
No illness 
c~  c~ 
Died--58 hrs. 
No illness 
Died--95 hrs. 
No illness 
Died--73 hrs. 
"  104 " 
No illness 
No illness 
cc  ~c 
~  cc 
Died--70 hrs. 
"  91  " 
No illness 
Died--84 hrs. 
~  68  ~ 
No illness 
Control sera* 
Swine 1237--Institute stockt 
"  1237  "  " 
"  1237  "  " 
"  1444  "  " 
"  1444  "  " 
"  1444  "  " 
"  1449  "  " 
"  1449  "  " 
"  1229  "  " 
"  1229  "  " 
"  1446  "  " 
"  1446  "  " 
Died--68 
"  66 
"  52 
"  64 
"  63 
"  73 
"  58 
"  70 
"  95 
"  70 
"  58 
"  70 
hrs.  Died---63 hrs. 
"  "  61  " 
....  70  " 
cc 
cc 
cc 
~¢ 
cc 
cc 
¢c 
* 0.5 per cent phenol was added  to all control sera to make  them  comparable 
to  the  commercial anti-hog cholera  sera.  The  phenol was added  as follows:  to 
14 parts of serum,  1  part  of an aqueous solution containing  7.5 per cent phenol 
and  10  per  cent  glycerol  was  added.  This  complies  with  the  general  method 
employed by commercial concerns in phenolizing their anti-hog cholera serum. 
t  Swine 1237 and 1444 were raised on the Institute farm and had had no known 
infectious disease.  Swine 1449 and  1229 were from the same stock and had been 
hyper~mmunized  against  hog  cholera.  Swine  1446,  from  the  same  stock,  had 
been immunized but not hyper~mmunized against hog cholera. 
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dally against the latter made it necessary to eliminate this possibility. 
This was easily done.  As shown in Table II, serum from Swine 1449 
and  1229, hyperimmunized  against hog cholera in the usual fashion, 
failed  to  neutralize  pseudorabies  virus,  indicating  that  the  mere 
procedure of hog cholera hyperimmunization was not responsible for the 
appearance of pseudorabies virus-neutralizing antibodies in swine sera. 
Furthermore,  other  experiments  showed  that  the  immunization  of 
swine  against  one  of  these  viruses  conferred  no  protection  against 
infection with the other virus; swine that had been vaccinated against 
hog cholera and that  were demonstrably immune  to that  virus were 
still  susceptible  to  pseudorabies.  In  like  manner,  swine  that  had 
recovered from pseudorabies and that were demonstrably immune to 
that virus were still fully susceptible to hog cholera.  It seems certain 
that hyperimmunization against hog cholera cannot, therefore, account 
for the high  pseudorabies virus-neutralizing  antibody content of the 
samples of commercial anti-hog cholera serum recorded in Table II. 
The  Presence  of  Pseudorables  Virus-Neutralizing  Antibodies  in  the 
Blood Serum of Individual Swine Used in the Commercial 
Production  of A nti-Hog  Cholera Serum 
Through the courtesy of Dr. B. M. Lyon, I was permitted to obtain blood serum 
from 15 hyperimmunized swine being bled at the Lederle Laboratories during the 
course of their routine production of anti-hog cholera serum.  These animals had 
come originally from the middle West having been purchased in St. Paul, Minne- 
sota.  Their sera were tested against the standard  100 nag. dose of pseudorabies 
virus in 1.0 and 0.1 cc. amounts and the results obtained  are recorded in Table 
In.  No antiseptic had been added to these sera. 
The  sera from  Swine L.S.  1195 and  L.S.  1210 failed to neutralize 
pseudorabies virus even in 1 cc. amounts, indicating that these animals 
had  suffered  no  earlier  pseudorabies infection.  The  sera  from  the 
remaining 13 swine were all virus-neutralizing in 1 cc. amounts.  This 
is  interpreted  as  indicating  that  these  13  animals  had  undergone 
an  earlier  infection  with pseudorabies virus.  The  results  obtained 
when  the  13  effective  sera  were  tested  in  0.1  cc.  amounts  were 
somewhat unexpected.  It had been anticipated, from experience with 
known pseudorabies convalescent sera from  experimentally  infected 
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1.0 cc. amounts would also neutralize the standard  dosage of virus in 
0.1  cc. amounts.  However, 4  of the  13  sera recorded in  Table  III 
TABLE  III 
The Presence of Pseudorabies Virus-Neulralizing Antibodies in the Blood Serum  of 
Individual  Swine Hyperimmunized against Hog Cholera 
Serum from swine No. 
L.S. 1193 
"  "  1195 
"  "  1196 
"  "  1197 
"  "  1201 
"  "  1202 
"  "  1203 
"  "  1204 
"  "  1205 
"  "  1206 
"  "  1207 
"  "  1208 
....  1209 
"  "  1210 
"  "  1211 
Amount of serum mixed with 100 rag. of pseudorabies  virus and 
administered subcutaneously  to guinea pigs 
1 cc.  0.1 cc. 
Result  Result 
No illness 
Died--73 hrs. 
No illness 
No illness 
No illness 
~f  gg 
Cg  gg 
gg  gg 
gg  gg 
g¢  gg 
gg  ~g 
g~  gg 
Died--84 hrs. 
No illness 
Died---81 hrs. 
No illness 
Died---61 hrs. 
No illness 
cc  ~c 
Died--99 hrs. 
No illness 
Died--107 hrs. 
No illness 
Control sara 
1237" 
1237 
1237 
1444 
1229 
1449 
1544 
1545 
Died--56 hrs. 
~  66  C~ 
C~  63  ~¢ 
"  61  " 
"  61  " 
"  81  " 
"  81  " 
"  72  " 
* Swine 1237 and 1444 were raised on the Institute farm and had had no known 
infectious disease.  Swine  1229  and  1449  from the same stock had been hyper- 
immunized against hog cholera.  Swine  1544  and  1545  were purchased from a 
nearby farmer and had been immunized against hog cholera. 
failed  to  neutralize  virus  in  0.1  cc.  amounts.  This  result  suggests 
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recently recovered animals  is  richer  in  virus-neutralizing  antibodies 
than  that  from  animals  recovered  for  longer  periods  of time.  It 
seems likely that  the  virus-neutralizing  titer  of  the  serum  rises  to 
reach  a  peak  sometime  shortly  after  recovery  and  then  gradually 
declines.  On  this  basis,  the  low  antivirus  titer  of 4  of  the  serum 
samples would suggest that the swine furnishing these particular sera 
had  probably  suffered  their  pseudorabies  infection  months  earlier, 
perhaps  when they were small pigs.  The  animals  in this particular 
group weighed from 250 to 350 pounds and hence were approximately 
1 year of age.  Another possible explanation may be that some field 
strains of the pseudorabies virus are not capable of eliciting as high an 
antibody reaction as that achieved by the highly virulent Hungarian 
strain used in the present experiments. 
On the basis of the possibility just suggested that the pseudorabies 
virus-neutralizing titer of swine serum can at times lie between 1.0 and 
0.1 cc., instead of between 0.05 and 0.01 cc. as indicated by the results 
recorded  in  Table  I,  the  estimates  as  to  the  incidence  of previous 
pseudorabies infection  among swine furnishing the pooled samples of 
commercial anti-hog cholera serum recorded in Table  II may be too 
conservative.  The finding that  13 out of  15  individual  swine being 
used in  the  commercial  production  of  anti-hog  cholera  serum  had 
had an earlier pseudorabies  infection,  however, lends  plausibility  to 
the high figures for the incidence of the infection indicated by the  ex- 
periments with the pooled sera. 
The Presence of Pseudorabies Virus-Neutralizing Antibodies in the Blood 
Serum of Middle Western Swine Killed at a Local Slaughterhouse 
Blood was obtained  at the time of slaughter from 10 swine killed at a local 
slaughterhouse.  These animals were part of a shipment said to have come from 
the middle West v/a the stockyards  at Lancaster, Pennsylvania.  No accurate 
information  as to their  true geographical origin was available.  They weighed 
from 300 to 350 pounds and, to judge by the heterogeneity of breed, were prob- 
ably from several different sources.  The results of neutralization tests on the blood 
sera of these 10 swine are recorded in Table IV. 
The sera from all 10 animals when tested in 1 cc. amounts neutralized 
the  standard  dose  of  pseudorabies  virus.  This  is  interpreted  as 
indicating that these hogs had all undergone an earlier infection with 
pseudorabies virus.  As in the case of some of the cholera hyperim- l~iC~rAm) E.  s~iol,  E  109 
mune  swine  recorded  in  Table  III,  the  virus-neutralizing titer  of 
some of the  sera was low. 
Tests for the Presence of Antibodies for Pseudorabies in the Blood Serum 
of Large Local Swine 
The control sera used throughout the virus neutralization experiments recorded 
in this paper had been obtained largely from swine weighing  40 to 125 pounds. 
TABLE  IV 
The Presence of Pseudorabies Virus-Neutralizing Antibodies in  the Blood Serum 
of Middle Western Swine Killed at a Local Slaughterhouse 
Amount of serum mixed with 100 rag. of pseudorabies virus and administered 
subcutaneously to guinea pigs 
Serum from swine No. 
I c¢.  0.3 cc.  0.i cc. 
Result  Result  Result 
T.  1 
"  2 
tt  3 
"  4 
tt  5 
"  6 
"  7 
"  8 
"  9 
"  10 
No illness 
~c  ~¢ 
$c  ¢~ 
t¢  tc 
~t  {c 
~c  tc 
No illness 
tt  ~t 
ct  tt 
No illness 
~t  t~ 
No illness 
Control sera 
1444  Died--56  hrs. 
1444  "  56  " 
1444  "  61  " 
1237  Died---56 hrs. 
No illness 
Died--80 hrs. 
"  96  " 
"  90  " 
No illness 
Died--96  hrs. 
"  96  " 
No illness 
Died--75 hrs. 
These animals were thus considerably younger than  those furnishing the hyper- 
immune anti-hog cholera serum or than those western hogs from which blood was 
obtained at slaughter.  To test the possibility that the development of pseudo- 
rabies  virus-neutralizing  antibodies might  be dependent  upon  the  age  of  the 
animals rather than upon a  previous attack of the disease,  blood was obtained 
from 10 large hogs that had been born and reared on a local farm.  These animals 
weighed from 250 to 350 pounds each and were approximately 1 year of age. 
As  shown  in  Table  V,  the  serum  of none  of the  large  local  hogs 
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age  of the animals furnishing the serum was  not of importance in 
determining the presence or absence of pseudorabies virus-neutraliz- 
ing antibodies. 
II.  Rats in the Transmission  of Pseudorabies among Swine 
In the preceding paper (1) brief mention was made of the fact that, 
among the earlier workers, both Schmiedhoffer (6)  and Hutyra  (7) 
and, more recently,  Burggraaf and Lourens  (8)  suspected that rats 
TABLE  V 
The Absence of Pseudorabies Virus-Neutralizing  Antibodies  in  the Blood Serum 
of Large Local Swine 
Serum from swine No. 
T.J.  1 
~  cc  6 
¢~  c¢  7 
"  "  9 
"  "10 
Amount of serum mixed with 100 rag. of 
pseudorabies virus and administered 
subcutaneously to guinea pigs 
1 eC. 
Reset 
Died--66  hrs. 
"  56  " 
~  64  ~ 
~  68  ~¢ 
~  66  ~ 
"  73  " 
"  80  " 
"  73  " 
Control sera 
1444  ]  Died--56  hrs. 
1444  I  "  56  " 
played some r61e in the transmission of pseudorabies to cattle.  The 
exact manner in which rats could transmit the disease was never clearly 
envisaged.  The repeated mention of the possibility in the literature 
and Hutyra's (7) direct evidence that the brains of rats, dead on a farm 
where  pseudorabies was  occurring in  cattle,  contained the  specific 
virus made it seem possible that rats might play a r61e in the epidemiol- 
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eating the carcasses of rats dead of the disease?  Study of trichinosis 
has shown the great importance of rats in at least one ailment to which 
swine are  susceptible.  Here the accepted belief is  that swine may 
become trichina-infected by eating infected rat carcasses; the rats may 
be kept infected by cannibalism among themselves or by eating the 
infected carcasses of other animals (9).  Might not pseudorabies be 
spread from rats to swine in like manner?  It was decided to test this 
possibility experimentally. 
Earlier  workers  have  claimed  that  rats  could  be  infected  with 
pseudorabies by feeding on virus-containing tissues of an animal dead 
of the disease (6,  10).  Using wild brown rats (Mus norvegicus), this 
observation was confirmed. 
Pseudorabies virus in the form of the brain of rabbits dead of the disease was 
mixed with corn-meal  and placed in Petri dishes in the cages of recently captured 
wild brown rats.  Although  they ate but sparingly of the mixture, 2 out of the 9 
animals thus fed developed pseudorabies and died.  These showed the typical 
pseudorabies pruritus with self-mutilation  localized  to the lips and the skin about 
the mouth.  Prolonged feeding  of the virus-corn-meal  mixture failed to infect the 
remaining 7 rats.  Infections could, however, be quite regularly induced ff the 
virus suspension was hltroduced directly into the mouth by pipette.  Because of 
the great timidity of the wild rat in captivity, natural conditions as to feeding 
habits could not be imitated.  It was a fact that the 2 rats that became infected 
by feeding on the virus-corn-meal  mixture were the ones that ate most promptly. 
It is believed that the others may have failed to become infected because they 
delayed so long in eating their food that the virus became  inactivated.  White rats, 
accustomed to captivity, could be readily and regularly infected by feeding the 
virus-corn-meal mixture.  Both the white and the wild brown rats succumbed 
in from 3 to 7 days following  feeding  with pseudorabies virus. 
The distributiou of virus in a wild brown rat dead following  feeding with virus 
by pipette was determined by rabbit inoculation.  Virus  was not present in demon- 
strable amounts in suspensions of liver and spleen.  It was, however, present in 
the heart blood, lung, and brain. 
From  the  preceding  experiments  it  seemed  established  that wild 
brown rats could be infected with pseudorabies by feeding virus, that 
they developed a fatal disease, and that their carcasses contained virus. 
Experiments to determine whether swine could be infected by feed- 
ing on carcasses of wild rats dead of the disease were next conducted. 
Two swine were thus fed and both became infected.  The animals ate 
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was fed 2  rats  on succeeding days but  Swine  1539  was infected  with 
equal  facility by feeding only a  single rat carcass.  The rats  used  in 
TABLE  VI 
The Presence of Pseudorabies  Virus in the Noses of Swine Infected  by Feeding 
Carcasses of Wild Rats Dead of the Disease 
Day of experiment 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Swine  1562" 
Fed carcass of Wild Rat 2 
Fed carcass of Wild 
Rat 7 
o 
+  (IiO hrs.) 
+(85  "  ) 
+(76  "  ) 
+(76  "  ) 
X+(83  "  ) 
+  (lol  "  ) 
+(88  "  ) 
m 
0 
Swine 1539t 
Fed carcass of Wild Rat 1 
o 
o 
x  o 
x  +  (98 hrs.) 
X- 
X- 
X +  (92 hrs.) 
+  (87 hrs.) 
Swine 1551t 
Placed  in  pen  with 
Swine 1539 
0 
0 
0 
+  ( 80 hrs.) 
X +  (106  "  ) 
X+(77  "  ) 
+(87  "  ) 
K  - 
X  =  temperature elevation to fever level (40°C. or higher). 
0  =  not tested for virus. 
-  -- virus absent--test rabbit survived. 
+  =  virus present--test rabbit died of pseudorabies.  (Hours in parentheses 
indicate time elapsing between inoculation and death.) 
K  =  Swine 1551 was sacrificed--pseudorabies virus was present in nasal wash- 
ings taken  at  autopsy.  No  virus  demonstrable  in brain,  heart  blood,  spleen, 
liver,  lung,  salivary glands, dorsal  cord,  or  Berkefeld  filtered  urine  and  feces 
suspension. 
* Nasal washings tested for virus by subcutaneous inoculation in rabbits. 
t  Presence of virus determined  by rubbing swine's nose against scarified ab- 
dominal skin of rabbits. 
these experiments had been infected with pseudorabies by feeding and 
were given to the swine very shortly after death. 
Swine  1539  was placed  in  the same pen  with  a  normal  hog,  Swine 
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contact.  Pseudorabies induced in  swine by feeding was  evidently 
communicable in the same manner as that following subcutaneous or 
intramuscular inoculation.  Also,  as shown in  Table VI,  virus was 
present in the noses of the infected swine. 
The nasal washings of Swine  1562 contained virus for 7 successive 
days although the animal at no time appeared more than very mildly ill 
and had an elevation of temperature to fever level on only 1 day.  The 
test for the presence of virus in the nose of Swine 1539 was conducted 
by rubbing it against the freshly scarified abdominal skin of rabbits. 
As pointed out in the preceding paper (1), this method probably gives 
less accurate information as to the presence or absence of virus in the 
nasal passages of infected swine than does that in which nasal lavage is 
employed.  However, virus was demonstrable on the nose of Swine 
1539 on each of 3 days and Swine 1551, placed in the same pen, devel- 
oped pseudorabies by exposure.  Tests for the presence of virus on the 
nose of Swine  1551, conducted.in the same way as for Swine  1539, 
revealed its presence on 4 successive days. 
These experiments suggest that  rats may, theoretically at  least, 
play a  direct rSle in the epidemiology of pseudorabies in swine and 
thus an indirect rSle in the bovine disease.  They furnish a possible 
explanation of means by which the disease may spread from one swine 
herd to the next, other than by direct contact.  Because of the highly 
contagious nature of pseudorabies in swine,  it is  necessary only to 
assume that a single hog become infected with the disease by eating the 
carcass of an infected rat in order to establish pseudorabies in the 
entire swine herd, thus setting up a potential source of infection for any 
associated cattle. 
DISCUSSION 
The results of experiments designed to gain information concerning 
the occurrence of pseudorabies among middle western swine have sug- 
gested that it is a very prevalent disease.  Using the presence of spe- 
cific virus-neutralizing antibodies in the serum as a criterion indica- 
tive of an earlier infection with the virus, pooled  samples  of  serum 
from large numbers of swine have been studied.  In only 2 out of 23 
such serum samples was it not possible  to demonstrate that  at  least 
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pseudorabies infection.  In the remaining 21  samples, the virus-neu- 
tralizing titer was such as to indicate that from 5 per cent to  50  per 
cent of the animals had recovered from an  earlier pseudorabies.  In 
like manner, 13 out of 15 swine of middle western origin  bled  at  the 
laboratory of a  biological house, and 10 middle western swine picked 
at random from the killing platform  of a  local  slaughterhouse were 
found  to  be  pseudorabies-immune  as  judged  by  the  presence  of 
specific  virus-neutralizing  antibodies  in  their  sera.  In  contrast  to 
the  relatively large  numbers  of  middle  western  swine  whose  sera 
have  been  found  to  contain  pseudorabies  virus-neutralizing  anti- 
bodies  may  be  mentioned  the  complete  absence  of  similar  neu- 
tralizing antibodies in the sera of swine raised on  our own farm and 
on other farms in this section of New Jersey. 
The data furnished by the serum samples that were studied may not 
accurately represent the incidence of pseudorabies among swine on 
middle  western  farms.  The  hogs  supplying  these  sera  had  in  all 
probability been shipped and reshipped and passed through a  series 
of stockyards between the time they left the farm and the time they 
were bled either at the laboratories of biological houses or at a slaugh- 
terhouse.  A  question  which naturally  arises  and  which cannot  at 
present be answered is whether these animals acquired their pseudo- 
rabies infection while still on their home farms, at some time during 
their travels, or even in the yards where they were quartered while 
being hyperimmunized against hog cholera.  The fact that the inci- 
dence of infection, as judged by the virus-neutralizing titer of the sera, 
did not, in a number of instances, approach 100 per cent would suggest 
that the infections had been suffered  before the swine reached their final 
destinations.  If they occurred before the animals left the farms, then 
the data given in Tables II,  III,  and IV suggest that the disease is 
really prevalent  in  the middle West  to  a  startling  extent.  If they 
occurred after the animals left the farms then it must be concluded 
that the chances of swine acquiring pseudorabies during shipping or 
passage through stockyards are indeed very great. 
A possibility was entertained for a while that the hog cholera virus 
used in vaccinating swine might be contaminated with pseudorabies 
virus and might thus be responsible for the dissemination of the disease. 
However, hog cholera virus obtained from 9 different biological houses ~IC~_A~D ~,.  SHOPE  115 
was found to be free of pseudorabies virus, as tested by rabbit inocula- 
tion, effectively eliminating this possibility from consideration. 
In view of the apparently high incidence of pseudorabies among 
middle western swine and situation of the virus in and on the pigs' 
noses, it is reasonable to suppose that it might occasionally spread to 
cattle.  Indeed, when the almost universal practice of keeping cattle 
and  swine in  the same enclosures on middle western farms is  con- 
sidered, it is surprising that cattle are not often infected.  A possible 
explanation of the relatively low incidence may be that swine acquire 
their infection when quite young and before they reach a  size or age 
at which they begin "following" cattle.  Under such conditions the 
disease might be expected to be relatively uncommon  in cattle and only 
transmitted to them by hogs that escaped infection until they were 
mature enough to come into intimate contact with cattle. 
Swine influenza is the only clinically recognized disease of hogs in 
the middle West that has an incidence of infection even approaching 
that suggested by the present data  for pseudorabies.  This disease 
reaches epizootic proportions in many autumns and even in the inter- 
epizootic years  it  is  quite prevalent.  Like pseudorabies,  influenza 
in swine is highly contagious and its morbidity rate in animals under 
1 year of age in an infected herd approaches 100 per cent.  K6ves and 
Hirt (5) were greatly impressed by the similarity between pseudorabies 
in swine as observed by them in Hungary and descriptions of swine 
influenza as occurring in America.  They have suggested that the two 
diseases may  be  etiologically related.  However, much as  the  two 
maladies may resemble each other,  their etiological viruses  can  be 
shown to be entirely dissimilar.  Pseudorabies virus regularly produces 
fatal  infections  when  administered  subcutaneously  to  any  of  the 
commonly used laboratory animals while swine influenza virus is with- 
out effect when similarly administered.  Furthermore, swine influenza 
antiserum fails to neutralize pseudorabies virus, nor will pseudorabies 
virus-neutralizing serum neutralize swine influenza virus.  Swine re- 
covered from influenza and demonstrably immune to that disease are 
still fully susceptible to pseudorabies, and pseudorabies-immune swine 
can be readily infected with swine influenza.  There would thus appear 
to be no relationship between porcine pseudorabies and swine influenza. 
There is nothing to explain why pseudorabies in swine is a mild ail- 116  EPIDEMIOLOGY  0F PSI~.UDORABIES.  II 
merit, and in cattle and the small laboratory animals one of the most 
regularly fatal diseases known.  Superficially it would appear that the 
state of parasitism between virus and host is more perfect in the case 
of swine than in the cases of other susceptible animals.  Whether this 
has been achieved through long years of infection of swine with the 
virus, with a  consequent gradual adaptation of parasite to host, or 
whether some physiological peculiarity of swine is responsible,  cannot 
be determined from present knowledge of the disease.  It seems cer- 
tain,  however, that,  were it  not for the  occasional transmission of 
pseudorabies to cattle, its existence in swine in this country would not 
have been suspected. 
The observation that wild brown rats can be infected with pseudo- 
rabies by feeding, and that their carcasses, in turn, give rise to the dis- 
ease when fed to swine introduces the interesting possibility that they 
may play an epidemiologlcal rSle in the spread of the disease to cattle. 
Although suspected by earlier workers of being in some way responsible 
for outbreaks of pseudorabies, the exact manner in which rats trans- 
mitted their infection was never explained.  The present experiments 
suggest that their epidemiological  rSle in bovine pseudorabies is prob- 
ably only an indirect one and that swine are the intermediate host 
through which this  indirect transmission of the virus from rats  to 
cattle is effected. 
The final epidemiological set-up may be visualized approximately as 
follows:-- 
Pseudorabies infection among wild rats may be maintained in much 
the same fashion as trichina infection, by cannibalism or by the inges- 
tion of virus-containing tissues from other animals.  The disease may 
be transmitted to swine when the carcass of a pseudorabies-infected 
rat is eaten by a hog.  From this hog the disease spreads to other 
swine in the same herd as a contagious disease.  It is transmitted to 
swine herds on other farms, either by direct contact of infected swine 
with normal swine or by the migration of infected  rats.  With two such 
efficient modes of dissemination of the virus among swine, one would 
expect the disease to be prevalent in this species.  However, because 
of the extremely mild nature of porcine pseudorabies its existence is 
not suspected.  Only when the virus breaks away from this  swine 
reservoir and spreads to cattle is its presence on mid-western farms 
made known.  The transmission of the virus from swine to cattle, as lUC~Am) ~.  s~oPE  117 
pointed out earlier (1) is thought to take place when the noses of in- 
fected hogs  come in  contact  with  abraded  areas  of skin  on  cattle. 
Carcasses of cattle dead of the disease, if gnawed by rats, serve as a 
fresh source of virus from which a rat population can become infected. 
A  cycle from  rat,  to  swine, to  cow, and  back  to  rat  can  thus  be 
completed. 
The experiments presented in this and the preceding paper (1)  fur- 
nish an explanation of the means by which pseudorabies is transmitted 
to cattle under natural conditions.  They are not advanced as proving 
that the infection actually takes place in the manner suggested but 
rather that  it may take place in  this  way.  Only further carefully 
controlled field experiments can determine whether the widespread, 
unrecognized pseudorabies infection in swine serves as the reservoir 
from which cattle are directly infected. 
SUMMARY 
Study of the pseudorabies virus-neutralizing antibody  content  of 
pooled and individual  samples of swine serum have led to  the  con- 
clusion that pseudorabies is a highly prevalent, unrecognized, disease 
in middle western hogs. 
It has been shown that wild brown rats  develop a  fatal infection 
following ingestion of pseudorabies virus and that their carcasses, in 
turn,  give rise to the disease in swine to which they are fed.  It is 
believed that rats play a  r61e in the epidemiology of porcine pseudo- 
rabies, serving as the initial source of infection for a  swine herd and 
also as one means by which virus can be spread from farm to farm in 
swine  herds.  The  experiments  presented  furnish  further  evidence 
that swine may serve as the source of infection for cattle. 
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